A study was conducted to determine the rumen degradation and intestinal digestibility of crude protein (CP) and AA, and AA composition of the rumen-undegradable protein (RUP) from 3 sources of blood meal (BM1, BM2, and BM3), canola meal (CM), low-fat distillers dried grains with solubles (LFDG), soybean meal (SBM), and expeller soybean meal (ESBM). Two Holstein cows fitted with ruminal and proximal duodenal cannulas were used for in situ incubation of 16 h and for the mobile bag technique. To correct for bacterial contamination of the RUP, 2 methods were used: purines and DNA as bacterial markers. Ruminal degradations of CP were 85.3, 29.8, 40.7, 75.7, 76.9, 68.8, and 37.0 ± 3.93% for BM1, BM2, BM3, CM, LFDG, SBM, and ESBM, respectively. Ruminal degradation of both total essential AA and nonessential AA followed a similar pattern to that of CP across feedstuffs. Based on the ratio of AA concentration in the RUP to AA concentration in the original feedstuff, ruminal incubation decreased (ratio <1) the concentrations of His, Lys, and Trp, and increased (ratio >1) the concentrations of Ile and Met across feedstuffs. Compared with purines, the use of DNA as bacterial marker resulted in a higher estimate of bacterial CP contamination for CM and lower estimates for LFDG and ESBM. Intestinal digestibility of RUP could not be estimated for BM1, BM3, and SBM due to insufficient recovery of residue. For the remaining feedstuffs, intestinal digestibility of RUP was highest for ESBM, followed by BM2 and LFDG, and lowest for CM: 98.8, 87.9, 89.7, and 72.4 ± 1.40%, respectively. Intestinal absorbable dietary protein was higher for BM2 compared with CM and LFDG, at 61.7, 17.9, and 20.7 ± 2.73% CP, respectively. As prices fluctuate, intestinal absorbable protein or AA may be used as a tool to aid in the selection among feedstuffs with different protein quality.
INTRODUCTION
Great interest has emerged in balancing dairy cattle diets for AA due to the potential benefits to increase milk protein and improve N efficiency (N in milk:N intake) and, as a result, increase farm profitability and decrease environmental impacts (Schwab, 2010) . Ruminal microbial CP, RUP, and endogenous proteins contribute to the AA supply that will be available for absorption at the small intestine of the dairy cow. To meet the AA demands of high-producing cows, a sufficient amount of RUP has to complement the AA supplied by microbial CP and endogenous sources (NRC, 2001) . In addition, studies have shown that an optimum AA profile in the RUP positively affects milk protein (Schwab et al., 1992; Guinard and Rulquin, 1994) . The dairy NRC (2001) model assumes a similar AA profile between the RUP of a feedstuff and the original feedstuff and also a similar digestibility between the RUP and individual AA in the RUP. However, studies have shown that these assumptions may not always hold true (Mjoun et al., 2010; Maxin et al., 2013) . Compared with the original feedstuff, the Cornell Net Carbohydrate and Protein System (CNCPS) model (v6.1; http://www.cncps.cornell.edu/) assigns a different AA profile to the estimated RUP based on the AA profile of the buffer-insoluble protein (O'Connor et al., 1993) ; however, this procedure does not account for AA in the soluble fraction, is analytically challenging, and default values are not routinely updated (Van Amburgh et al., 2013) . In order for feeding strategies targeted to balance for AA to be successful, models need to accurately estimate the RUP of feedstuffs and the profile and digestibilities of individual AA in the RUP.
The dairy NRC (2001) recommends the use of the in situ procedure to estimate ruminal degradation of CP from feedstuffs. This procedure requires the incubation of a feedstuff sample and recovery of the feedstuff residue within porous bags in the rumen. To avoid errors associated with bacterial contamination, bags are washed in an attempt to free the feedstuff residue from ruminal bacteria. However, bacterial contamination may still remain (Beckers et al., 1995) . Purines (adenine and guanine) have commonly been used as markers (Broderick and Merchen, 1992) to correct for bacterial contamination; however, purines originating from the feedstuff residue may affect the accuracy of these markers. The use of genetic markers may increase specificity as a means to estimate bacterial contamination. Although DNA has been used as a marker for microbial protein flow in the duodenum (Belanche et al., 2011; Castillo-Lopez et al., 2013) , the use of this marker to correct for bacterial contamination in in situ studies has not been explored. The main objectives of this study were to determine the rumen degradation of CP and AA and the AA composition of RUP using the in situ technique and to determine the intestinal digestibility of CP and AA using the mobile bag technique from several feedstuffs used as protein supplements in dairy diets and to evaluate the use of DNA as a marker to correct for bacterial CP (BCP) contamination.
MATERIALS AND METHODS

Feedstuffs
Feedstuffs evaluated in this experiment included 3 sources of blood meal (BM1, BM2, and BM3), canola meal (CM), low-fat distillers dried grains with solubles (LFDG; Poet Nutrition, Sioux Falls, SD), soybean meal (SBM), and expeller SBM (ESBM; SoyPlus, West Central, Ralston, IA). From the blood meals, BM1 was spray dried and BM2 and BM3 were ring dried. Over the course of approximately 6 mo, 5 different batches of each feedstuff were sampled for a total of 35 samples. These samples were collected from a feed mill operated by Intermountain Farmers Association (Salt Lake City, UT). All samples were ground to pass through a 2-mm screen using a Wiley mill (Arthur H. Thomas Co., Philadelphia, PA). Feedstuffs were analyzed for DM (AOAC International, 2000) , N (Leco FP-528 N Combustion Analyzer; Leco Corp., St. Joseph, MI), NDF (Van Soest et al., 1991) , ADF (method 973.18; AOAC International, 2000) , sugar (DuBois et al., 1956) , ether extract (method 2003.05; AOAC International, 2006) , ash (method 942.05; AOAC International, 2000) , and minerals (method 985.01; AOAC International, 2000) by Cumberland Valley Analytical Services Inc. (Hagerstown, MD). Additionally, feedstuffs were analyzed for AA (method 982.30 E; AOAC International, 2006 ) using a Hitachi L-8800 AA analyzer (Hitachi Co., Tokyo, Japan) by the Experimental Station Chemical Laboratories, University of Missouri-Columbia (Columbia, MO). Across feedstuffs, all analyses were done on ground samples except for particle size, where the geometric means of both the original and ground samples were determined following the American Society of Agricultural and Biological Engineers (ASABE, 2008) guidelines.
Animals and In Situ and Mobile Bags
Before conducting the experiment, all procedures using animals were approved by the University of Nebraska-Lincoln Institutional Animal Care and Use Committee. Two multiparous Holstein cows (BW of 660 ± 33 kg) fitted with flexible ruminal and proximal duodenal cannulas and with an average DIM of 210 ± 17 and milk yield of 27.3 ± 8.00 kg were used for the in situ and mobile bag procedures. Cows were housed in a temperature-controlled room in individual tiestalls with continuous access to water and fed once daily at 1000 h. The ingredient composition of the diet (% of DM) included 34.4% corn silage, 18.5% alfalfa hay, 16.0% ground corn, 16.5% soy products, 11.5% LFDG, 0.74% blood meal, and 2.36% minerals and vitamins supplement. The chemical composition of the diet (% of DM) was 16.0% CP, 35.3% NDF, and 3.70% fat. Ruminal degradations of CP and AA were determined in situ, and intestinal digestibilities of CP and AA were determined using the mobile bag technique. For each sample, approximately 1.5 g from each batch was weighed into 12 N-free polyester bags (R510, Ankom Technologies, Macedon, NY) with a mean pore size of 50 μm and a dimension of 5 × 10 cm. Bags were heat-sealed using an Ankom Heat Sealer (Ankom Technologies) and then divided into mesh bags (46 × 38 cm) that contained 2 secured 100-g weights that were used to prevent bags from floating in the rumen mat. Each mesh bag contained 35 polyester bags so that all batches from every sample were present. At 1400 h, 6 mesh bags per cow were inserted through the rumen cannula, positioned in the ventral sac, and incubated for 16 h. Following rumen incubation, all mesh bags were gently rinsed with cold water to remove particulate matter and to cease microbial activity. Polyester bags were removed from the mesh bags and half of the bags (referred to as rumen bags) from each sample per cow were immediately frozen (−20°C) for later analysis. The remaining bags (referred to as mobile bags) were washed in a domestic washing machine using 5 cycles that consisted of a 1-min wash and 2-min spin. The previously described washing steps will be referred as the washing procedure throughout this paper. After washing, bags were used for the mobile bag procedure according to Kononoff et al. (2007) . Mobile bags were incubated in a pepsin-HCl solution (1 g of pepsin/L of 0.01 N HCl) for 3 h in a 39°C water bath with occasional stirring to simulate 6487 abomasal digestion. Following the pepsin-HCl incubation, mobile bags were rinsed with distilled water to wash out the pepsin-HCl solution and to force the residue to the bottom, and then the upper portion of the bag was tightly rolled. Subsequently, mobile bags were inserted through the duodenal cannula of each cow during 3 consecutive days (35 mobile bags/d) at a rate of 1 mobile bag every 5 min. Mobile bags were inserted through the duodenal cannula of the corresponding cow in which they were ruminally incubated, and insertion of mobile bags was spread over 3 d to avoid intestinal obstruction and maintain cow comfort. Once they had passed through the cow, mobile bags were retrieved from the manure from the appearance of the first bags (8 h after insertion) until 24 h after insertion, lightly rinsed with cold water to remove fecal material, and frozen (−20°C) until all bags were recovered. Rumen and mobile bags were thawed and then washed following the washing procedure. Bags were then rinsed with distilled water to force all the residue to the bottom, rolled, and dried in a 100°C oven for 12 h. Following drying, bags were weighed to determine the weight of the remaining residue. Rumen and mobile bag residues were, respectively, composited by sample, batch, and cow and then composites were divided into 2 subsamples. One set of subsamples was analyzed for N using the combustion method (AOAC International, 1996) in a combustion N analyzer (Leco FP-528; Leco Corp.) and the other set was analyzed for AA as described for feedstuffs. The in situ and mobile bag techniques share various potential sources of variation. Among them are sample size to bag surface ratio, bag pore size, animal effects, and washout of particles (Michalet-Doreau and Ould-Bah, 1992; Vanzant et al., 1998) . Ideally, when using the mobile bag technique, bags should be recovered at the terminal ileum; however, for practical reasons, recovery of the bags in feces is more common and it is assumed that the effect of protein digestion in the large intestine is minor. Results of Vanhatalo and Varvikko (1995) suggest that fecal collection of bags may be of greater concern when evaluating feedstuffs with high fiber and low N concentrations and not corrected for BCP contamination.
Calculations
The RDP for all samples was determined as the portion of the CP that disappeared from the polyester bag following the in situ incubation. The RUP was calculated as 100 -RDP. The total-tract CP digestibility (TTCPD) was calculated as 100 -total-tract indigestible protein. The digestible portion of the RUP was assumed to be the percentage of the CP escaping ruminal disappearance but not recovered in the residue following intestinal incubation and was calculated as 100 -(total-tract indigestible protein/RUP).
Correction for Bacterial CP Contamination
During the last day of insertion of mobile bags, 6 additional mesh bags per cow, containing 35 polyester bags so that all batches from every sample were present, were incubated in the rumen for 16 h. In addition, whole ruminal contents were collected for 2 consecutive days from 4 different locations within the rumen at 8000 and 1500 h on the first day and at 1000 and 1700 h on the second day. Following incubation, bags were washed following the washing procedure.
Isolation of Ruminal Bacteria. Ruminal bacteria were isolated following the procedure described by Hristov et al. (2005) . Whole ruminal contents were composited by cow and squeezed through 2 layers of cheesecloth and the filtrate was retained. Solids remaining on the cheesecloth were added to a volume of cold buffer (McDougall, 1948) equal to the volume of filtrate and shaken manually in a screw-capped jar to dislodge the ruminal microorganisms loosely associated with feedstuff particles. This suspension was then squeezed through 2 layers of cheesecloth, and the 2 filtrates were combined in similar proportion and preserved with 5% (vol/vol) formalin. From this sample, bacteria were harvested via differential centrifugation (Hristov and Broderick, 1996) with an initial low-speed centrifugation at 400 × g for 5 min at 4°C and a subsequent highspeed centrifugation at 20,000 × g for 15 min at 4°C. Samples were maintained on ice while being processed. The supernatant was then discarded and the isolated bacterial pellets were composited by cow and frozen at -20°C for later analysis. Bacterial pellets were thawed and then lyophilized (Freezemobile 25SL, VirTis, Gardiner, NY). Dried bacterial samples were ground with a mortar and pestle and a subsample was analyzed for N (Leco FP-528 N Combustion Analyzer; Leco Corp.) and other subsample was analyzed for AA as described for feedstuffs.
Bacterial N Using Purines as Bacterial Marker. Rumen bag residues and lyophilized bacterial samples were analyzed for purines as described by Makkar and Becker (1999) . Briefly, 75 mg of rumen bag residue or 50 mg of lyophilized bacterial sample was placed into Pyrex screw-cap tubes and mixed with 0.5 mL of 3 mM allopurinol internal standard solution and 2.5 mL of 0.6 M HClO 4 and then incubated in a water bath (90-95°C) for 1 h. After cooling, 7.5 mL of 10 mM NH 4 H 2 PO 4 was added to all samples and pH was adjusted to between 6.6 and 6.9 with 8 M KOH. Then, samples were centrifuged at 3,000 × g, filtered through a 13-mm disposable syringe filter (0.45 μm) with GHP (hydrophilic polypropylene) membrane into an HPLC vial, and analyzed for total purines using a 717 HPLC system (Waters Corp., Milford, MA). Calculation of bacterial N was based on the ratio purine:N obtained from the lyophilized bacterial sample and the concentration of purines in the rumen bag residues. Bacterial N was multiplied times 6.25 to obtained BCP.
Bacterial N Using DNA as Bacterial Marker. For both rumen bag residues and lyophilized bacterial samples, bacterial DNA was extracted using the repeated beat beading plus column method based on the extraction method for PCR-quality DNA from digesta samples described by Yu and Morrison (2004) . Rumen bag residues and lyophilized bacterial samples were mixed with lysis buffer and zirconia beads and then shaken to physically disrupt the cells and expose the cell contents. Then, nucleic acids were precipitated and DNA was purified by a series of centrifugation steps that removed RNA and proteins. The concentration of DNA in the samples was measured by spectrophotometry (ND-1000 Spectrophotometer, NanoDrop Technologies Inc., Wilmington, DE), and the samples were stored at −20°C in aliquots of 25 μL for later analysis of BCP using real-time PCR.
The bacterial DNA marker used in this study has been reported elsewhere (Yu et al., 2005; Castillo-Lopez et al., 2013) ; it is part of the gene encoding the 16S rRNA, which has been shown to be highly preserved in bacteria (Ogier et al., 2002; Zimmermann et al., 2010) . The National Center of Biotechnology Information (NCBI) accession number of the targeted bacterial DNA marker is FJ715623. The marker is composed of a forward primer, a TaqMan probe, and a reverse primer, as follows: forward primer: 5 -act cct acg gga ggc agc ag-3 ; TaqMan probe: 5 -FAM/tgc cag cag ccg cgg taa tac/TAMRA-3 ; reverse primer: 5 -gac tac cag ggt atc taa tcc-3 .
Real-time PCR reactions were as follows: 4 μL of DNA sample was combined with 1 μL of 10 μM forward primer, 1 μL of 10 μM reverse primer, 0.25 μL of 10 μM TaqMan probe, 7.5 μL of TaqMan Master Mix (Applied Biosystems, Foster City, CA), and 1.25 μL of nanopure water. Two samples with no DNA were included and used as nontemplate controls. Each sample was run in duplicate in separate wells of the 384-well real-time PCR plate. The DNA samples were subjected to real-time PCR using a 7900HT Fast Real-Time PCR System (Applied Biosystems).
Temperature cycling was as described by Moya et al. (2009) with some variations. Specific conditions were as follows: stage 1: 50°C for 2 min; stage 2: 95°C for 10 min; stage 3: 45 cycles alternating denaturation at 95°C for 15 s, then annealing and polymerization at 60°C for 1 min. Results from real-time PCR were used to estimate BCP according to calculations described by Castillo-Lopez et al. (2010) . Calculation of bacterial N was based on the ratio bacterial DNA marker:N from lyophilized bacterial samples and the DNA marker in the rumen bag residues. Similar to the purine assay, bacterial N was multiplied times 6.25 to obtain BCP.
In Vitro Procedure to Estimate Ruminal Degradation of Protein
The in vitro ammonia release procedure (Britton et al., 1978; Corrigan et al., 2009 ) was also used to estimate ruminal degradation of protein across feedstuffs. Ruminal contents were collected from the 2 cows used in the in situ and mobile bag techniques and then squeezed through 4 layers of cheesecloth and the filtrate was retained. In the laboratory, equal volumes of the filtrate and cold buffer (McDougall, 1948) were mixed, and 30 mL of this inoculum was pipetted into 50-mL plastic centrifuge tubes containing the samples. The amount of sample in each tube was determined so that each tube contained 20 mg of N. Tubes were flushed with CO 2 , capped with gas-release rubber stoppers, and incubated in a water bath at 39°C for 18 or 24 h. After incubation, fermentation in the tubes was stopped by adding 2 mL of 3 N HCl and tubes were subsequently chilled in an ice bath. Tubes were then centrifuged at 7,000 × g for 10 min at room temperature, and the supernatant was analyzed for NH 3 concentration by spectrophotometry (Spectramax 250, Molecular Devices Corp., Sunnyvale, CA) according to the method of Broderick and Kang (1980) and for VFA concentrations by chromatography (Trace 1300 gas chromatograph, Thermo Scientific, Waltham, MA) according to the method of Erwin et al. (1961) .
Concentrations of NH 3 and total VFA were adjusted for a blank (inoculum only) at each incubation time. Soybean meal and SBM plus 0.1 g of Solka-Floc (International Fiber Corp., North Tonawanda, NY) were used as standards. Based on the assumption that an increase in the total VFA concentration represented an increase of microbial synthesis, then using the values of NH 3 and total VFA concentrations from SBM and SBM plus Solka-Floc allowed us to calculate a correction factor to adjust the NH 3 concentrations in the tubes across feedstuffs and RUP was calculated as follows: [(initial N in the tube − NH 3 -N in the tube)/initial N in the tube] × 100.
Statistical Analysis
Data for rumen degradation and intestinal digestibilities of CP and AA, AA profile of the RUP after 16 h in situ incubation, and AA concentration in the 6489 RUP after 16 h in situ incubation to AA concentration in the original feedstuff ratios were analyzed using the MIXED procedure of SAS (SAS Institute, 2008) based on the following model:
where Y ijk = dependent variable, μ = overall mean, F i = fixed effect of feedstuff, r j = random effect of replicate, b k:i = random effect of batch within feedstuff, and ε ijk = residual error.
For each incubation time, in vitro data were analyzed based on the following model:
where Y ij = dependent variable, μ = overall mean, F i = fixed effect of feedstuff, b j:i = random effect of batch within feedstuff, and ε ij = residual error.
Data for BCP contamination were analyzed based on the following model:
where Y ijk = dependent variable, μ = overall mean, F i = fixed effect of feedstuff, r j = random effect of replicate, b k:i = random effect of batch within feedstuff, M l = fixed effect of method, FM il = interaction of feedstuff × method, and ε ijkl = residual error.
RESULTS AND DISCUSSION
The chemical and AA compositions of the feedstuffs are listed in Table 1 and Table 2 , respectively. In addition, the AA composition of ruminal bacteria is listed in Table 2 .
Chemical composition of the blood meals from the 3 sources was similar. It should be noted that the NDF, ADF, and lignin assays were conducted on all feedstuffs, including blood meals. Although small proportions of these analytes were detected across blood meals, it is highly unlikely that these are indications of plant material contamination but more likely an artifact of the assays employed. Nonetheless, these values are reported for the sake of consistency across feedstuffs. The low fat content (6.11% DM) of the LFDG reflected the partial removal of the oil by centrifugation. Overall, chemical compositions of the feedstuffs were comparable to reported values (NRC, 2001) . The EAA concentration of the blood meals averaged 59.9% CP and was greater than that of other feedstuffs. Generally, AA concentrations of the feedstuffs were within the ranges reported by the NRC (2001) but for LFDG, which had greater concentrations of all EAA except for Trp, which was similar. . Most notably and in agreement with others (Mjoun et al., 2010; Li et al., 2012) , the Lys concentration of 3.48 ± 0.42% CP was much greater than 2.24 ± 0.39% CP reported by the NRC (2001). Amino acid concentrations of ruminal bacteria were within the ranges reported in the review of Clark et al. (1992) . Geometric mean particle size of the ground feedstuffs (Table 3) 
Ruminal Degradation of DM, CP, and AA
Ruminal degradation of DM, CP, and AA after 16 h in situ incubation is listed in Table 4 . Ruminal degradation of DM varied greatly (P < 0.01) within blood meal sources, with a difference of 60.9 percentage units between BM1 and BM2. For the remaining feedstuffs, ruminal degradation of DM ranged between 57.2 and 78.9 ± 3.18%. Ruminal degradation of CP was similar for BM2 and greater for BM1 and BM3 compared with reported values (NRC, 2001). Howie et al. (1996) observed large variation in ruminal degradation between and within 2 types of blood meals, which was believed to be the result of inconsistencies in the processing methods. Values of ruminal degradation of CP for CM (NRC, 2001) , SBM (Mjoun et al., 2010) , and ESBM (Borucki Castro et al., 2007) were consistent with those in the literature. Lower (P < 0.01) ruminal degradation of CP from ESBM compared with SBM has been previously reported (Borucki Castro et al., 2007) and is attributed to a reduction in the solubility of the proteins as they are denatured by exposure to heat during the processing of this product. For LFDG, ruminal degradation of CP was higher than is commonly observed in conventional distillers dried grains with solubles (Paz et al., 2013) . In vivo data suggest that the RDP of conventional distillers grains is 37% . Meyer et al. (2012) attributed the increase in ruminal degradation of CP in LFDG to an increase in the soluble CP fraction in the distillers solubles as fat is removed; however, in practice, removal of fat does not result in greater production of solubles; therefore, the high ruminal degradation of CP observed in this study could be related to washout of particles from the bags.
Within feedstuffs, ruminal degradation of both total EAA and NEAA followed a pattern similar to that of CP. However, variations were observed for specific AA. Across BM sources, Trp was the most degraded, whereas Ile and Ser were the least degraded. Similar to the observations of Maxin et al. (2013) for CM, His was among the most degraded AA, whereas Tyr was among the least. For LFDG, His and Lys were the most degraded AA, which is consistent with Mjoun et al. (2010) , whereas Glu and Leu were the least degraded. Arginine and Trp were the most degraded AA for SBM and ESBM, respectively, whereas Met and the branched-chain AA were the least degraded. These observations are in agreement with those of others (Borucki Castro et al., 2007; Maxin et al., 2013) . Differences in ruminal degradation of AA within a feedstuff Means within a row with different superscripts differ (P ≤ 0.05). 1 BM1, BM2, and BM3 = blood meal from source 1, source 2, and source 3, respectively; CM = canola meal; LFDG = low-fat distillers dried grains with solubles; SBM = soybean meal; ESBM = expeller SBM. 2 For particle size, P-value from treatment (feedstuff) × screen effect; for X gm and S gm , P-value from treatment effect (feedstuff). Means within a row with different superscripts differ (P < 0.01). 1 BM1, BM2, and BM3 = blood meal from source 1, source 2, and source 3, respectively; CM = canola meal; LFDG = low-fat distillers dried grains with solubles; SBM = soybean meal; ESBM = expeller SBM. may be influenced by protein composition and their variable inherent characteristics such as structure and AA profile (Messman and Weiss, 1994; van Straalen et al., 1997) and also by processing (Yoon et al., 1996) .
RUP and AA Profile of RUP
Rumen-undegradable protein and AA profile of RUP after 16 h in situ incubation, and ratios of AA concentration in the RUP after 16 h in situ incubation to AA concentration in the original feedstuffs are listed in Table 5 . Across feedstuffs, the 16-h incubation time point was chosen to simulate retention time; this time point is commonly used throughout studies (Boucher et al., 2009) , allowing for accurate comparisons across studies. In addition, assuming that in situ incubation closely mimics in vivo rumen conditions, the residue remaining after 16 h in situ incubation should have similar digestibility to RUP. This procedure may be an oversimplification of estimating RUP because escape of protein from rumen degradation is complex and affected by many factors, including the rate of degradation in the rumen and other chemical and physical factors of the feedstuff (NRC, 2001) . Across feedstuffs, correction for BCP contamination using purines or DNA as bacterial marker resulted in similar ranking of the RUP values. In addition, correction for BCP contamination did not change ranking of the RUP values compared with uncorrected values. For absolute values of RUP, correcting for BCP contamination had considerable effects on CM, LFDG, and ESBM (Figure 1 ). Estimations of BCP contamination using purines or DNA as bacterial marker were similar for BM1, BM2, BM3, and SBM and averaged 0.71, 0.41, 0.59, and 1.98%, respectively. Compared with purines, estimates of BCP contamination using DNA as bacterial marker were lower for LFDG (P < 0.01) and ESBM (P < 0.01) and higher (P = 0.05) for CM. After ruminal incubation and washing of the rumen bags, purines from the feedstuff residue can originate from bacterial and protozoan contamination, thus representing microbial contamination, and also from the feedstuff residue itself. Because the genetic marker only targeted bacteria, lower values may be related to the estimation of BCP contamination rather than microbial contamination. On the other hand, in the case of CM, the reason for overestimation of BCP contamination is not apparent. The presence of multiple copy numbers of the DNA marker may lead to overestimation of BCP and is a source of variation of the method (Kang et al., 2010) . Estimations of BCP contamination were linearly correlated with NDF concentration of the feedstuff when using DNA (P < 0.01; r = 0.90) but not when using purines as bacterial marker (P = 0.15; Figure 2 ). The in vitro procedure was also used to estimate RUP across feedstuffs. This method is not subject to errors that may emerge with washout of feedstuff particles (Corrigan et al., 2009 ) and allows for a more controlled and uniform setting. Compared with the RUP values estimated from the mobile bag technique, marked differences were observed for the RUP mean values of BM1, BM3, CM, and LFDG estimated using the in vitro procedure. Additionally, within feedstuffs batches, wide variation was observed (CV ranged from 8.85 to 46.0%). Similar to the mobile bag technique, the in vitro procedure might not be adequate for all feedstuffs and more research is needed to elucidate the factors that cause variation in the estimation of CP degradation when using this procedure.
The ratios of AA concentration in the RUP after 16 h in situ incubation to AA concentration in the original feedstuff (Maxin et al., 2013) were used to evaluate whether the AA profile of the RUP differs from that of the original feedstuff. A ratio <1 reflects a decrease whereas a ratio >1 reflects an increase in the concentration of a specific AA in the RUP relative to the original concentration of the specific AA in the feedstuff protein. In general, ruminal incubation decreased (P < 0.01) the concentrations of His, Lys, and Trp, and increased (P > 0.001) the concentrations of Ile and Met across feedstuffs. For NEAA, changes were variable across feedstuffs. The previous results are consistent with ruminal degradation of AA and are in agreement with others (Kelzer et al., 2010; Maxin et al., 2013) . Overall, ruminal degradation modifies the AA profile from feedstuffs before reaching the small intestine. The AA profile of RUP after 16 h of in situ incubation corrected for BCP contamination is listed in Table 6 . Overall, rankings of AA across feedstuffs were similar to uncorrected values using either method.
Intestinal Digestibility of RUP and AA in RUP and Intestinal Absorbable AA
Intestinal digestibility of RUP and AA in the RUP and total-tract digestibility of DM and CP are listed in Table 7 . Across feedstuffs, total-tract digestibility of DM was lowest (P < 0.01) for CM and LFDG, at 80.3 and 81.4%, respectively. High (>98%) total-tract digestibility of DM for BM1, BM3, and SBM did not allow for enough residue to be recovered for CP and AA analyses, thus total-tract digestibility of CP and intestinal digestibility of RUP and AA in RUP for these feedstuffs could not be determined. In the case of ESBM, enough residue was recovered to estimate intestinal digestibility of RUP but not for specific AA in RUP. Intestinal digestibility of RUP was highest (P < 0.01) for ESBM, followed by BM2 and LFDG, and was Erasmus et al. (1994) reported that the intestinal digestibility of RUP of blood meal was 56.3%, which is lower than the 87.9% observed for BM2 in this study, whereas Harstad and Prestlokken (2001) reported that the intestinal digestibility of RUP of CM was 94.6%, which is higher than the 72.4% observed in this study.
Intestinal digestibilities of total EAA and NEAA were high (>88%; P < 0.01) across feedstuffs. Overall, totaltract digestibility of CP was high (>91%; P < 0.01) across feedstuffs. Intestinal absorbable AA supplied by the RUP and intestinal absorbable dietary protein are listed in Table  8 . Intestinal absorbable dietary protein and, more specifically, its constituent AA represent the N sources coming from the feedstuff that will be available for absorption by the cow for the synthesis of milk proteins; it is calculated as RUP times its intestinal digestibility. Intestinal absorbable dietary protein was higher (P < 0.01) for BM2 compared with CM and LFDG: 61.7, 17.9, and 20.7 ± 2.73% CP, respectively. Intestinal absorbable EAA and NEAA followed the same pattern as intestinal absorbable dietary protein. Differences were observed in the profile of intestinal absorbable AA supplied across feedstuffs, which emphasizes the importance of models to account for this factor to improve the accuracy of estimating the dietary supply of AA. In the present study, we observed marked variation in protein quality across blood meals. Based on the total-tract digestibilities (>98%) of BM1 and BM3, it is safe to assume 100% intestinal digestibility of RUP and AA in RUP in these feedstuffs. Thus, the amount of intestinal absorbable Lys provided by 0.5 kg of BM1, BM2, and BM3 will be 7, 29, and 25 g; respectively, and the amount of intestinal absorbable Met will be 1, 5, and 4 g, respectively.
CONCLUSIONS
Ruminal degradation and intestinal digestibility of AA determine the supply of intestinal absorbable AA across feedstuffs. These factors are not constant across AA within feedstuffs, and models need to account for them to increase the accuracy of predicting the AA Means within a row with different superscript differ (P < 0.01).
1
Residue recovered after intestinal incubation for BM1, BM3, SBM, and ESBM did not provide enough sample for analyses missing in this table. 2 BM1, BM2, and BM3 = blood meal from source 1, source 2, and source 3, respectively; CM = canola meal; LFDG = low-fat distillers dried grains with solubles; SBM = soybean meal; ESBM = expeller SBM. supply to the animal. Microbial degradation of CP in the rumen changes the AA profile of the RUP of a feedstuff compared with its original profile. Bacterial CP contamination of the RUP was associated with NDF concentration of the feedstuff when using DNA as a bacterial marker but not when using purines. Correction for BCP contamination may be of more relevance in feedstuffs with high NDF content. The excessive rumen degradation of CP from LFDG observed in this study suggests that washout occurred and that bag techniques might not be adequate to evaluate this feedstuff. Across blood meals, BM2 was a better source of RUP. Compared with CM and LFDG, BM2 was a better source of intestinal absorbable dietary protein. Means within a row with different superscript differ (P < 0.01).
Intestinal absorbable AA supplied by RUP was calculated as (100 − % ruminal degradation at 16 h) × (intestinal digestibility coefficient) × AA concentration in the feed (Mjoun et al., 2010) . 
